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ABSTRACT

An analog coherent subcarrier multiplexing system for video
transmission using frequency modulation of both the subcarrier and optical
carrier is analyzed. Theoretical receiver sensitivity for realistic values of

receiver noise and phase noise is approximately -41 dBm for 50 channels and

-25 dBm for 100 channels.
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Introduction. The advantages of analog subcarrier-multiplexed (SCM)
FM video transmission using frequency modulation of the optical carrier over
other analog laser modulation schemes include the reduced impact of laser
relative intensity noise and the phase noise suppression achievable in a
receiver employing FM demodulation of both the subcarrier and optical
carrier. Way e al. [1] detected these FM-FM signals using an erbium-doped
fiber amplifier and an optical frequency discriminator followed by a direct-
detection receiver. We examine the performance of a coherent receiver for the
same application.

System Description. Fig. 1 shows a block diagram of the system. FM
video signals on microwave subcarriers are power-combined, generating a
signal which is used for direct frequency modulation of a laser. The
transmitted optical signal travels over single-mode fiber to a coherent receiver,
where it is coupled with an optical local oscillator signal. The resulting signal
is heterodyne-detected by a PIN photodiode, amplified, and demodulated, as
shown in Fig. 2. After the first FM demodulator, the SCM channels are
separated using a bandpass filter array, downconverted to a common
frequency, and amplified. A second FM demodulator and a lowpass filter

recover each baseband video signal.

Statement A per telecon
Dr. Rabinder Madan ONR/Code 1114
Arlington, VA 22217-5000 A.-.)

| oot

i

!

i !
NWW 3/16/92 ~,l,___._m£




L. G. Kazovsky, J. C. Fan: “Coherent analog FM-SCM video . . .”

Analysis. We evaluated the optical receiver sensitivity, defined as the total
received optical power needed to achieve a 56 dB output SNR. Photodetector
shot noise, thermal noise, amplifier noise, clipping effects, and phase noises
of the transmitter and local oscillator lasers were taken into account. FM
demodulator performance above and near threshold (approximately 10 dB
input CNR) was predicted using the threshold model of Rice {2]. The
emphasis improvement factor was assumed to be 13.1 dB as per international
(CCIR) standards for FM video transmission systems [3]. Fig. 3 shows a
sample of our results for the system parameters given in the figure. The
optical receiver sensitivity is plotted versus number of channels; constant
optical bandwidth is assumed.

Discussion. Inspection of Fig. 3 reveals that receiver sensitivity depends
on the linewidth and on the number of SCM channels. Though increasing
linewidth reduces the maximum number of channels, receiver sensitivity is
only weakly dependent on linewidth for smaller channel counts. For
example, a receiver sensitivity of better than -30 dBm is possible in an 80-
channel system, even with 100 MHz linewidth. For linewidths below 100
MHz, a receiver sensitivity of better than -40 dBm can be achieved for up to
50 channels. This sensitivity is within 5 dB of the fundamental limit for the
assumed optical bandwidth and is 5 dB better than the fundamental limit for
50-channel coherent FM-SCM video transmission using intensity-modulated
lasers [4]. As the channel count decreases below 50, the sensitivity levels off,
even though the signal power increases quadratically due to the linearly
increasing optical frequency deviation ratio. This sensitivity floor is due to the
threshold of the first FM demodulator. For the intensity-modulated case, the
fundamental sensitivity limit continues to fall off linearly with decreasing

channel counts below 50. As the channel count decreases below 10, the
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optical frequenc§ deviation ratio increases at a faster than linear rate, causing
the curves to turn down.

Conclusions. Excellent sensitivity is generally achievable using analog
coherent FM-SCM systems. The essentially constant receiver sensitivity for
small channel counts results from the phase noise suppression in a receiver
employing double FM demodulation. The wide linewidths of typical
semiconductor lasers (100 MHz or more) have no noticeable effect on system
performance for up to 50 channels per laser. This important result is similar
to that for digital ASK and FSK systems [5]. Thus, coherent FM-SCM
systems appear to be well-suited for trunk video transmission.
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Captions

Fig. 1. Block diagram of coherent SCM system using direct laser frequency
modulation to transmit FM video channels.

Fig. 2. Expanded block diagram of the demodulator of the system in Fig. 1.
The N branches after the downconverters are identical.

Fig. 3. Plot of receiver sensitivity (for output SNR = 56 dB) versus the
number of transmitted channels. The linewidths shown (Av) correspond to
the sum of the transmitter and LO laser linewidths. Receiver parameters are:
photodiode responsivity = 0.7 A/W, optical LO power = 1 mW, amplifier
voltage noise = 4*102° A?/Hz, and amplifier load resistance = 50 Q.
Room temperature is assumed. The leveling off of achievable receiver
sensitivity for low channel counts is due to the threshold of the first FM

demodulator.




no
O3pIA~

lore[npowa(]

-

L

1npdno)

1se1 O

nuusuel j, _

JUIQUIO)) JIMOJ

"

OOA

!

uj 03pIA

[

ODA

|

Uj 03pIA




nQ
09PIA*

4d1

JOJEUIWILIOSI
%1 Aouanbayy Ny

jore[npowap W puz

nQ
09pIA~*

4d1

10)BUTWIIDSI
<+ Adouanbaiy Ionwi]

101E[NPOWP W PuZ

(@F ]
2

N 444

JOJeUTUILIOS
Kouanbaiy ]

1314
- Ul
duy

1072[nPOWIP W 1511

wou

1 4d4




€ "dg

sjauueyd JO JaqUINN

081 091 ovi 0cl 001

ZHIN 001 = "ba1j sa1reoqns 1somor]
ZI{IN 09 = uonesedas Jouredqng

ZHIN 01 = jduueyd 13d pueqprenn)
ZHIN 0S = Wppimpueq [uueyd NOS
ZHIN TV = YIpimpueq O3pIA

89°7 = onjel uoneiAdp ‘basgj ooy

ZHD (T = 15U0d = YpImpueq [eando

/

0= ay ZIINT | ZHN OT | ZITIN OF

IR | RN S 1 1 1

ZHW 001 = av

3%

0t-

ot-

Sl-

otl-

J S P —

P 9¢ = UNS ndino 10} (WEP) AANISUIS IIAIIINY




